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[57] ABSTRACT

A matrix driving method for driving an electro-optical
display device including digit and segment electrodes
arranged 1n a matrix configuration, in which digit and
segment drive signals are applied to digit and segment

- electrodes in such a manner that the digit drive signals

apphed to all the digit electrodes have potentials equal
In level with each other during a prescribed time inter-
val during which the potential of a first segment drive
signal inducing a state of non-display at all the digit
electrodes is equal to the potential of each of the digit
drive signals. During the prescribed time intervals, the
potential difference between a second segment drive
signal inducing a state of display at one of the digit
electrodes and a state of non-display at the other digit
electrode and each of the digit drive signals is main-
tained in a first predetermined value whereby the root
mean square value of the potential difference between
the second segment drive signal and the digit drive
stgnal applied to the other digit electrode is substan-
tially equal to that of the potential difference between
the first segment drive signal and each of the digit drive
signals. During the prescribed time interval, further, the
potential difference between a third segment drive sig-
nal inducing a state of display at all the digit electrodes
and each of the digit drive signals 1s maintained in a
second predetermined valie whereby the root mean
square value of the potential difference between the
second segment drive signal and the digit drive signal
applied to the one of the digit electrodes is substantially
equal to that of the potential difference between the
third segment drive signal and each of the digit drive
signals.

4 Claims, 34 Drawing Figures
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MATRIX DRIVING METHOD FOR
ELECTRO-OPTICAL DISPLAY DEVICE

‘This application is a continuation in part of patent
application Ser. No. 784,746, filed Apr. 5, 1977, now
~ abandoned. |

This invention relates to a method for driving an
electro-optical display device such as a liquid crystal
display device and, more particularly, to a method for
driving an electro-optical display device having digit
and segment electrodes arranged in a matrix configura-
tion. |

In recent years, electro-optical display devices such
as liquid crystal display devices have been increasingly
used in various applications such as electronic time-
pleces, desk calculators, etc., because of low power
consumption. It 1s known in the art that there are two
types of arrangements for the electrodes of the liquid
crystal display devices, i.e., a static type arrangement
and a matrix type arrangement. In the static type ar-
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‘rangement, the liquid crystal display device comprises a

common electrode and a plurality of groups of segment
electrodes displaced from and disposed opposite the
common electrode. The segment electrodes of each
group are not mterconnected and independently driven
from each other. This arrangement is advantageous in
that a driver circuit for each segment electrode can be
manufactured in a simple construction. However, this
has drawbacks in that a number of driver circuits are
required and increases the number of leads from the
hquid crystal display device, increasing packaging cost
and complexity.

In the matrix type arrangement, the liquid crystal
display device comprises a plurality of digit electrodes,
and a plurality of segment electrodes displaced from
and disposed opposite all of the digit electrodes. The
-segment electrodes relative to each digit electrode are
interconnected, and the digit electrodes are provided
independently from each other. Generally, the digit
electrodes are driven in a time multiplexed relationship.
With this arrangement, the number of leads from the
liguid crystal display device is remarkably reduced,
representing a considerable saving in packaging cost
and complexity. However, this suffers from drawbacks
in the design of driver circuits because of iow display
contrast. | |

It 15, therefore, an object of the present invention to
provide a method for driving an electro-optical display
device in a matrix mode which can overcome the short-
comings encountered in the prior art.

It 13 another object of the present invention to pro-
vide a driving method for driving an electro-optical
display device in a matrix mode so as to provide a re-
markably increased operation margin to increase dis-
play contrast. |

These and other, objects, features and advantages of
the present invention. will become more apparent from
the following description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1A is an example of a timing chart for an exam-
ple of a conventional drive signal to be used for driving
an electro-optical display device; |

FIG. 1B 1s a vector diagram of the drive signal shown
in FIG. 1A; |

F1G. 2 is a schematic view of an example of a conven-
tional electro-optical display device arranged in a ma-
trix configuration;
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FIG. 3 1s a timing chart for illustrating another exam-
ple of conventional digit and segment drive signals to be
used for driving the display device shown in FIG. 2;

FIG. 4 15 a timing chart of another example of con-
ventional digit and segment drive signals;

FIG. § shows vector diagrams for the drive signals
shown in FIG. 4;

F1G. 6 1s a timing chart for another example of con-
ventional drive signals; |

FIG. 7 is a timing chart for illustrating the potential
differences across the electrodes of the display device:

F1G. B is a timing chart for another example of prior
art drive signals;

FIG. 9 1s a timing chart for illustrating a prior art
concept of the method of the present invention;

F1G, 10 shows vector diagrams for the drive signals
shown in FIG. 9;

F1G. 11 1s a timing chart for a preferred exampie of
digit and segment drive signals used in 2 method of the
present invention;

FIG. 12 shows the potential differences across the
electrodes applied with the drive sigrals shown in FIG.
11;

FIG. 13 shows vector diagrams for the drive signals

shown in FIG. 11;

F1G. 14 is a timing chart for another preferred exam-
pie of digit and segment drive signals according to the
present invention; |

FIG. 15 shows the potential difference across the
electrodes applied with the drive signals shown in FIG.
14,

FIG. 16 is a timing chart for another preferred exam-
ple of digit and segment drive signals according to the
present invention; |

F1G. 17 1s a vector diagram for one of the drive sig-
nals shown in FIG. 16; |

FI1(. 18 shows the potential differences across the
electrodes applied with the drive signals shown in FIG.
17

FIG. 19A is a timing chart for another preferred
example of digit and segment drive signals according to
the present invention;

FIG. 19B 15 a schematic view of an example of an
electro-optical display device arranged in a matrix con-
figuration for the digit and segment drive signals shown
in FIG. 19A;

FIG. 20 shows the potential differences across the
electrodes applied with the drive signals shown in FIG.
19: -

FIG. 21 shows the vector diagrams for the drive
signals shown in FIG. 19;

FIG: 22 1s a timing chart for another preferred exam-
ple of digit and segment drive signals according to the
present mvention:

FIG. 23 15 a block diagram of an example of a driver
circuit to carry out a method of the present invention;

F1G. 24 is a view showing an example of an arrange-
ment of a display device shown in FIG. 23;

FI1G. 25 is a detail circuitry for a timing pulse genera-
tor shown in FIG. 23;

FIG. 26 is a timing chart for timing signals generated
by the circutt shown in FIG, 25;

FI1G. 27 1s a detail circuitry for a segment signal gen-
erator shown 1n FIG. 23;

FIG. 28 15 a detail circuitry for a segment driver
shown in FIG. 23

FIG. 29 15 a detail circuitry for a digit driver shown

1 FIG. 23;
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+1G. 30 is a graph illustrating voltage characteristics
for a liqud crystal;

FIG. 31 shows graphs illustrating voltage-contrast
curves for a liquid crystal when driving is accomplished
by a driving method according to the present invention;
and

FIG. 32 shows diagrams illustrating the relationship
between the potential levels and the drive signals used
in a driving method of the present invention.

Before entering to a detailed description of the pres-
ent invention, an explanation will be given to how to
convert a potential of a driving signal to vector quanti-
ties with reference to FIGS. 1A and 1B. A signal cycle
or half cycle T of the driving signal waveform is di-
vided into a number of intervals tj, t2, . . . t;. t;1s assumed
as the width (duration) of the i-th interval, and the po-
tential of the driving signal over each such interval is
assumed to be constant and is assigned as e; The j-
dimension vector e having the i-th component which
specified e;V1;/T will be herein defined as a vector
corresponding to the driving waveform E (FIG. 1) and
expressed in the following equation:

(1)
e "It‘jz’T

e2 .sz,/T
e; ‘lg/T -

P =

FIG. 1B shows the vector diagram indicating the com-
ponents of the vector e. FIGS. 1A and 1B shows exam-
ples of the waveforms of the driving signal and the
vector diagram in which j=23.

The root mean square value V) of the potential rep-
resentative of the difference between two signals Az and
A7 becomes:

i r ‘)
- ) (Ax — Ap©-dt =

This is equivalent to the distance between a, and aj in
the j-dimension space, namely

Vir =

'él(akf ~II'I/’T — ajy; 'l t;/ T)2
] =

The signal waveforms A1, Az, ... Apymay be brought
into correspondence with another set of vectors ay’, az’,
... a, by an interval dividing method which 1s different
from that given above. These vectors may be different
from ay, a3, . . . a; even in dimension number, but aj, ay,
...ayand ar’, az’, ... a, are congruent. In other words,
it 1s possible to bring them into coincidence by rota-
tional movement, parallel movement and a reversal
transformation.

The transformation from vectors ag, a2, . . . a5 o
signal waveforms will be carried out by a procedure
which is the reverse of that stated above. However, this
transformation is not a one-to-one correspondence be-
cause in this case t, t3, . . . t, can be arbitrarily selected
according to formula (1).

However, when the method of selecting ty, t2, . . . i,
is changed and a transformation made to other signals
A1, A7, the root mean square values of the potential
differences between signals, that is signals Aj, Az, .
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A, and signals Ay, A7, . .. A,, maintain the same
relation. The root mean square value of the potential
differences also maintain the same relation for A", Az",
.. . A,” in which a transformation is made to signal
waveforms from vectors aj’, a2’, . . . a4, , obtained by the
rotational movement, parallel movement and reverse
transformation of vectors ay, az, . . . a,. Accordingly, it
can be understood that signal waveform groups Ay, Az,
LA AV, AY, L A and Ay, AL Ay consti-
tute components of one set A. Likewise, ay, az, . . . a,
and ai’, a2’ . . . a,’ constitute components of one set a
over the vector space, with which set A may be consid-
ered to be in one-to-one correspondence.

Considering the transformation from vector to wave-
form in a practical light, it 1s preferable that the wave-
form be as simple as possible; in particular, the simplic-
ity of the signal waveform has a great effect upon the
number of gates in the driving circuit. It follows that
there are cases in which prior to transforming the vec-
tors it is better to perform a suitable transformation of
coordinates to change the vector dimension number
before making the transformation to the waveforms.

A convenient method of dealing with the transforma-
tion of vector coordinates is to apply a matrix as shown
below. For a transformation from j-dimension vectors

ar, . . . ay to l-dimension vectors a'(, . . . a'y, we have
X X3 Xn
a; =t N a =1 ¥ . dp = | ¥,
Z] Zz zn
X1 A Xy
a;’ = | Y/ ay =1 Y7 .. ay =} ¥n
Zy Zo Z,

Vectors a,, a'n are thus represented respectively by
matrix with j rows and 1 rows, and (a'y, a'2. . . @) with
] rows and n columns are represented by the following
matrix:

X]'. er ‘. Xﬂﬁ
Yy, ¥of ... ¥y
Zi'. 2y ... 2,

Assume that K represents a matrix with | rows and n
columns. To represent a unit matrix I with | rows and |
columns, use is made of a matrix N with 1 rows and n
columns where N7-N =1 so that (ai’, az', . . . a,")=N-(aj,
az . .. 3n)+K

Referring now to FIG. 2, there is shown a model
matrix layout in which the i order represents a group of
digit electrodes while the j order denotes a group of
segment electrodes. Discussion will now be directed
toward the relationships between digit driving signals
and address signals applied to the j segment electrodes.

FIG. 3 shows typical voltage waveforms which are
applied in the prior art to the digit and segment elec-
trodes. Discussion will be made with respect to one-haif
the driving period. In FIG. 3, =d will be taken as the
voltage impressed upon the digit electrodes while s
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represents the voltage impressed upon the segment
electrodes. In FIG. 3, reference numeral 10 denotes the
waveform of the voltage applied to the i1-th digit elec-
trode and reference numeral 12 the waveform of the
voltage applied to the {(i+m)-th digit electrode. Refer-
ence numeral 14 denotes the waveform of the voltage
~ impressed upon segment electrode j. -
Hereinafter the matrix driving system will be de-
- scribed, using an integer n representing a n digits (n=2).
In general, the timing relationship between waveforms
10 and 12 will be assumed as follows: the portion de-
noted by reference numeral 10° will be represented by
1/n and the portion 10" by (n-i)/n. In other words, n
represents the number of the digit electrodes and 1/n
the duty. | "’

FIGS. 3(4) and 3(5) represent the voltage difference
‘between the electrodes. Here, reference numeral 16
denotes the voltage waveform for an intersection 1i.j,
and 18 the wvoltage waveform for an intersection
(i+m).j. To obtain the root mean square (rms) voltage
of the waveform shown in FIG. 3(4), the following
equation 1s employed:

n — 1|
n

Vrms = \, .s“’z+;—(5-§-d)2

while the equation for the rms voltage of the waveform
in FIG, 3(5) 1s given by

Vrms=\l n;! s2+T:-(d—-—s)2

where (4) denotes a display state and (5) a non-display
state. Letting s=1, the operation margin a can be ob-
tained from

(2)

o = jn—l!i—_!dilf
(n— 1)+ (d— 1)

The operation margin is thus the value which represents

- the minimum ratio of the rms voltage during a period in

which there is a display to the rms voltage during a
period in which there is no display; accordingly, the
values of n and d determine the operation margin. It
follows then that when driving a 2-digit matrix with
n=2, a=V5 for d=1 and for d=2. When d=1, this
corresponds to so-called 4 biasing whereas 3 biasing
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corresponds to a case where d=2. From the above

equation (2) it will be seen that when d ="V n, the opera-
tion margin a becomes the maximum value, i.e.,

'lnu-!

It is apparent from the above description that in a

55

conventional system the maximum operation margin is 60

(V'f+ 1) for matrix driving with n=2. Such systems are
premised on the fact that there is no overlapping of
phases or potential levels with regard to the signals
which drive the respective digits.

FI1G. 4 shows the waveform diagrams for the driving 65

signals to be applied to digit and segment electrodes in
various prior art driving methods in which n=2, and

FIG. § shows vector diagrams for the signals shown in

6

FIG. 4. In FIG. 4, r; represents the waveform mm-
nressed upon a first digit electrode, and r; the waveform
impressed upon a second digit electrode. Similarly, cg
represents the waveform impressed upon a segment
electrode to induce a non-display state at intersections
between the segment electrode and both the first and
second digit electrodes. Cy2 represents the waveform by

‘which the segments at both the corresponding intersec-

tions are in a state of display. Similarly, C; is the wave-
form by which the segment at an intersection with the
first digit electrode and the second digit electrode is in
state of non-display. FIG. 4(1) represents a group of
waveforms for the driving signals in the 4 biasing
method in which V,=V_.. FIG. 4(2) represent the wave-

form for the driving signals in the % biasing method in

which V,=2 V.. Similarly, FIG. 43) represents the
waveforms for the driving signals in which V,:\/i‘v’{.i

In FIG. 5(1), a convenient set of X and Y axes s
chosen and ri and 2 indicative of varying potentiais of
corresponding digit drive signals ry’ and r;’ are resolved
as vectors into X and Y components along these axes. In
FIG. 5(1), the symbols Cp, C; and C2 represent varying
potentials of the corresponding segment drive signals
Co, C1 and Cj3. The symbol G represents the mean
value in potential of the digit drive signals at each time
instant. The time interval t1 is resolved into the X axis,
and the time interval t; is resolved into the Y axis. In
FIG. §(1), r; has a potential value of 1 during the time
interval t1, and r> has a potential value of { during the
time interval t3. Similarly, r2 has a value of O during the
time interval t; and has a value of 1 during the time

interval t;. Resolving cg at co-ordinates (1, 1), ¢ at

co-ordinates (—1, 1), ¢z at co-ordinates (1, —1) and ¢j2
at co-ordinates (—1, —1) produces a square with the
length of each side having a potential value of 2. G 18
plotted at co-ordinates (4, 4). Vector a represents the
rms voltage V,gindicative of the state of non-display,
and vector b represents the rms voltage V,, indicative
of the state of display. Since the operation margin & is
expressed by the ratio of V,, to Vi the following
equation holds:

a=|b|/ja|=V5/1=V5

In a case shown in FIG. 52), G 1s plotted at the same
point as Cg, and |a]=V2 and |b|="V10. Therefore,
the operation margin « is V5. Similarly, in a case of
FIG. 5(3) G is plotted at a point (V2/2, V2/2). In this
example, since |a] =2(2—V2) and |b] =2(24+V2), the
operation margin « is 1+V2.

The relationship in the three cases among ry, r2, Cg, €1,
cz and ¢ with respect to the half period 1s expressed by
the following matrixes:

{(riy 3. cp €1, €2, €12) =
(1 0 I —1 1 _z)
01t 1 -1 —1

(2 0t —1 1 —;)
0 2 1 1 -1 -1

_\G{J 1 —1 1 -1
o N2 1 1 -1 —i

FIGS. 6 (1, 2, 3) shows the actual waveforms for the
situation described with reference to FIG. 4(2), i.e,,
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with n=2, Vc=1 and Vr=2. FIG. 6(1) shows the
waveform impressed upon a digit electrode D1, and
FIG. 6(2) shows the waveform impressed upon a digit
electrode D2. Similarly, FIG. 6(3) shows the waveform
impressed upon any segment electrode Sj to display 3
only in the digit D1. As may be appreciated from the
drawings, five potential levels, namely 0, Vo, 2 Vo, 3
Vo and 4 Vo are employed. By combining these wave-
forms a liquid crystal may be driven at an operational
margin of V5. |

FIGS. 6(4), (5) and (6) correspond as in FIG. 4(1) to
a case in which Vc=Vr=1 and show the waveforms
which are impressed upon a digit electrode D1, a digit
electrode D2, and any segment electrode Sj to display
only in the digit D1, respectively. As previously ex-
plained, the obtainable operation margin « 1s V'5. Here,
three potentials 0, Vo and 2 Vo are employed.

FIG. 7 illustrates the waveforms which are obtained
across the electrodes of a liquid crystal by making use of
the waveforms shown in FIG. 6. FIG. 7(1) shows the
waveforms for a display state when Vr=2, and FIG.
7(2) the waveforms for a non-display state when Vr=2.
Similarly, FIGS. 7(3) and (4) depict the respective
waveforms for display and non-display states when
Vr=1.

FI1G. 8 depicts the waveforms for matrix driving in
accordance with conventional systems when n=2 and
four potentials, namely 0, Vo, 2 Vo and 3 Vo are em-
ployed. FIGS. 8(1) and (2) show the waveforms which
are impressed upon a digit electrode D1 and a digit
electrode D2, respectively. It can be understood from
FIG. 8(1) that the driving signal for these digit elec-
trodes consists of four equal intervals tj, t2, t3 and tq
which comprise one period (or cycle time). If the poten-
tials for the D1 digit signal and D2 digit signal over
each of these intervals are added, the sums are 4 Vo for
t;, 2 Vo for t2, 4 Vo for t3and 2 Vo for t4, thus repeti-
tively alternating between 4 Vo and 2 Vo. In other
words, either a potential of O or 3 Vo appears once
during each unit time interval without overlapping each
another and at no time do identical potential levels
appear during any of the intervals t| through t4.

FIGS. 8(3), (4), (5) and (6) show the waveforms of
signals impressed upon any segment electrode Sj to 45
induce the display or non-display state for a matrix
where n=2. Signal Sa in FIG. 8(3) is a segment drive
signal when intersections D1S; and D2S§; are both in a
display state. Similarly, signal Sb in FIG. 8(4) 1s the
corresponding signal when D1S;and D2S;are both 1n a
state of non-display, signal Sc i FIG. 8(5) 1s the corre-
sponding signal when D1S; is in a display state and
D2S;in a state of non-display, and signal Sd in FIG. 8(6)
is the corresponding signal when D1S; is 1n a state of
non-display and D2S;is in a display state. In this case the 55
waveforms across the electrodes of the liquid crystal
are as illustrated by FIG. 7(1) and (2), and the operation
margin q is Vs.

FIG. 9 shows the waveform diagrams of driving
signals used in three-digit matrix driving method with
n=3. In FIG. 9, r;, rz and r3 represent digit drive sig-
nals, and cp, ci, C3, C123 represent segment drive signals,
respectively. In FIG. 9(1), the voltage potential V, of
the digit drive signal is equal to the voltage potential V.
of the segment drive signal V. and expressed as:
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In this case, the rms voltage Vs in the non-display
state is V2 and rms voltage Vg, in the display state 1s
V6. Therefore, the operation margin a is V3,

In FIG. 9(2), V,=2 V, and the rms voltage Vris 1
while the rms voltage V,, 1s \/'11/3. Therefore, the
operation margin a is V'11/3.

In FIG. 9(3), V,=V3.V,, and the rms voltage Vis
V2(3 —V3) while the rms voltage Vo is V2(3+V'3) so
that the operation margin a 1s

No + N2
=2

FI1GS. 10(1), (2) and (3) show the vector diagrams for
the waveforms used in FIGS. 9(1), (2) and (3), respec-
tively.

In FIG. 10, r{, r2 and r3 indicative of varying poten-
tials of the corresponding digit drive signals ry, ro and ra
in FIG. 9 are resolved as vectors 1nto X, Y and Z axes,
respectively. ¢i, ¢2, €3, €12, ¢13 and ¢z3 correspond to
voltage potentials of the segment drive signals produc-
ing display at one or two digits. From these vector
diagrams, it will be possible to grasp the potential differ-
ence across the electrodes.

From the above description, 1t will be understood
that the waveforms of the drive signals consist of a
half-period (for example t|, t; in FIGS. 6 and 8) and
another half-period (for example t3, t4). Each half-
period is sub-divided into n equal parts and each inter-
val iIs assigned to a respective digit. Interval t corre-
sponds to a 1st digit, and interval t; to a 2nd digit; if the
digit driving voltages are now represented with the
mean value of all the digit driving signals taken as a
reference, then a large driving voltage will be generated
for the Ist digit driving signal over the intervatl 1y, the
2nd digit driving signal over the interval t3, and the ith
digit driving signal over the interval t;, and the veliage
will drop to a low level over the other intervals. In
addition, the segment signal voltage during interval 13
and the segment signal voltage during interval t; are
both determined by the state of display or non-display
of the 1st digit and ith digit, respectively, in accordance
with the pattern that decides which digits should be
displayed by the segment signal. It is preferable that the
voltage for the segment signal during the non-display
state be close to the mean voltage of all the digit driving
signals; even so, the rms value of the driving voltage
does not fall to O during a state of non-display. More-
over, if we consider the driving voltage at the i1th inter-
section when the ith digit is to be displayed, then this
voltage is exactly the same as the driving voltage at the
ith intersection when the ith digit is not to be displayed
during the half-period from which interval t;15 omitted,
and the rms value of the driving voltage differs only by
the difference in voltage applied over the intervai t.

In a matrix driving method of the present invention,
the driving waveform for a half cycle time is not di-
vided in its entirety into separate components for each
digit electrode and, in contrast, digit and segment drive
signals are applied to digit and segment electrodes n
such a manner that the digit drive signals applied to all
the digit electrodes have potentials equal in level with
each other during a prescribed time interval during
which the potential of a first segment drive signal induc-
ing a state of non-display at all the digit electrodes 1s
equal to the potential of each of the digit drive signals.
During the prescribed time interval, the potential differ-




4,300,137

9

ence between a second segment drive signal inducing a
-state of display at one of the digit electrodes and a state
of non-display at the other digit electrode and each of
the digit drive signals 1s maintained in a first predeter-
mined value whereby the root mean square value over
a complete cycle of the potential difference between the
second segment drive signal and the digit drive signal
applied to the other digit electrodes is substantially
equal to that of the potential difference between the first
segment drive signal and each of the digit drive signals.
Durmg the prescribed time interval, further, the poten-
ttal difference between a third segment drive signal
inducing a state of display at all the digit electrodes and
each of the digit drive signals is maintained at a second
nredetermined value whereby the root mean square
value over a complete cycle of the potential difference
between the second segment drive signal and the digit
drive signal applied to the said one of the digit elec-
trodes is substantially equal to that of the potential dif-
ference between the third segment drive signal and each
of the digit drive signals.

More specifically, the potential of the first segment
drive signal inducing the state of non-display at all of
the intersections (heremafter referred to as display in-
tersections) between the segment and digit electrodes
has a level equal to a reference potential which is sub-
stantially equal to the mean value of all the digit drive
signals. The potential of each digit drive signal in turn is
selected to have a value larger than the reference poten-
tial during a respective first time interval within one-
half of the cycle period. During a second time interval
corresponding to the prescribed time interval men-
tioned above within one-half of the cycle time, the
potentials of all the digit drive signals are selected to be
equal to each other. The potentials of the segment drive
stignals mducing the state of display at only the i-th
digit’s display iniersections and the potential of the
segment drive signal inducing the state of non-display at
the i-th digit’s display intersections are selected to be
unequal in level during the first time interval. Further,
the potential of the second segment drive signal applied
to a given segment electrode inducing the state of dis-
play at the display intersections of only a given digit
electrode is selected to have a level by which the maxi-
mum potential difference is provided between the given
digit electrode and the given segment electrode. In this
case, it 5 possible to increase the root means square
(rms) value of the driving voltage for a state of display
by raising the voltage of the segment drive signal in
-comparison to that of the prior art, or by increasing the
driving time interval in which the segment drive signal
is applied, or by a combination of such methods. The
third segment drive signal inducing the state of dispiay
at the display intersections of all the digit electrodes s
selected to have a first potential equal to the reference
potential during the first time interval and a second
potential equal to the maximum value during the second
time interval. ;

A driving method according to the present invention
will now be described in general with reference to a
matrix in which n=2. A voltage waveform for a digit
drive signal impressed upon a digit electrode ry is ex-
pressed by

Vri=VI1+Vo,

a voltage waveform for a digit drive signal impressed
upon a digit electrode ra is expressed by
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Vrii=-V1i+Vo,

a voltage waveform for a segment drive signal when
display intersections of both digit electrode are to be
brought to a state of non-display is expressed by

Vio=Vo,

a voltage waveform for a segment drive signal indica-
tive of a display state for both digit eiectrodes 18 ex-
pressed by

VC12=¥1+ Vo,

a voltage waveform for a segment drive signal indica-
tive of a dispiay state for a Ist digit electrode and non-
display state for a 2nd digit electrode 15 expressed by

VCi= -2V 4+ Vo, and

a voltage waveform for a segment drive signal indica-
five of a non-display state for a ist digit electrode and a
display state for a 2nd digit electrode is expressed by

VC;=2VI+Vo.

Here, V1 and V2 are AC voltages which do not include
a DC component;
they are chosen so as to satisfy

[+ F1-Vadt=0
[ {(RYdi=8] (V) )de

for a suitable nterval 7. Vo is a function of time or a
constant. By way of example, the following possibilities
are acceptable: Vo=0, V1=sin wt, and V2=V8 sin
w/2t. In such a case the rms value of the driving voltage
for the display and non-display states is 3, a significant
improvement over the conventional value of V'5 when
n=2. In order to obtain a waveform for a case in which
a switchable DC power source 15 used for the driving
operation, it 1s permissible to adopt a step-like voltage
waveform for Vo, V1 and V2 Two such examples are
illustrated in FIGS. 11 and 14.

FI1GS. 11(1) and (2) show one preferred example of
the waveforms of the digit drive signals which are im-
pressed upon respective digit electrodes ry’ and ry'. In
FIG. 11(1) it can be seen that the waveform is com-
posed of six equal time intervals tl, t2, t3, t4, t5 and t6
which constitute one cycle period. The potential levels
over these time intervals (hereinafter referred to as tl,
t2, t3, t4, t5 and t6) of the r; digit signal are t1=3 Vo,
t2=2 Vo, t4=Vo, t5=2 Vo and t6=2 Vo, while the
potentials for the ry digit signal are t1=Vo, t2=2 Vo,
t3=2 Vo, t4=3 Vo, t5=2 Vo and t6=2 Vo all of these
potentials being based upon the minimum potential O of
the segment drive signal which is taken as a reference
potential. |

FIGS. 11(3), (4), (5) and (6) show the waveforms of
segment drive signals Cg, Cyy, €1 and C; which are
impressed upon any segment electrode Sj.

Signal Co in FIG. 11(3) 1s the waveform of the seg-
ment drive signal when a non-display of r18) and rSj 18
indicated, signal Cj; in FIG. 11{4} is the waveform of
the segment drive signal when r18; and r:Sj are to be
displayed, signal Cyin FIG. 11{5) is the waveform for a
display of r1Sj and a non-display of r;§), and signal C»
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in FIG. 11(6) is the waveform for a non-display of r1S)

and a display of r2S;j. In this example, t1 and t4 are the
previously described driving intervals for all of the
non-display segment signals and at the same time they
also correspond to the intervals during which there is a
maximum absolute value of the digit driving signal volt-
age with respect to the reference potential level 2 Vo.
Here, the potential levels of the digit drive signals are
equal to each other during intervals t2, t3, tS and t6. In
addition, two segment signals are compared and the
times at which they do not present the same potential
level are t1 and t4 for Cj and C; and for Cgand C; and
for Co and Cj; all times for C; and Cy3, C; and Cyos.
Segment signals C) and C; possess a higher absolute
voltage over the respective intervals t1, t4, and al-
though a large absolute potential difference then exists
between C| and r( driving signals, a small absolute po-
tential difference exists between C; and r; driving sig-
nals during the same interval. A large absolute potential
difference also exists between Cyz and ry, rz digit drive
signals during the intervals t2 and t3.

It will now be understood that in accordance with the
present invention the digit drive signals ry and r; have
first and second voltage potentials 3 Vo and Vo which
have the same potential difference but opposite in polar-
ity with respect to a reference potential 2 Vo during a
first time interval t1 of half cycle period H and have a
voltage potential 2 Vo serving as a reference potential
during a second time interval t2 or t3 of the half cycle
period H, with the reference potential taking a value 2
Vo intermediate between the first and second voltage
potentials 3 Vo and Vo. A first segment drive signal Co
has a potential level equal to the reference potential 2
Vo during the first and second time intervals t1 and t2,
inducing a state of non-display at said display elements
on all of satd digit electrodes. A second segment drive
signal Cj or C; has a fourth voltage potential 0 or 4 Vo
larger 1n amplitude level than the first and second volt-
age potentials Vo and 3 Vo during the first time interval
t1 and the same potential as the reference potential 2 Vo
during the second time interval t2, inducing a state of
display at said display elements on one of said digit
electrodes. A third segment drive signal Cj; has the
same potential as the reference potential 2 Vo during
the first time interval t; and a voltage potential 4 Vo,
during the second and third time intervals t2 and t3,
inducing a state of display at said display elements on all
of said digit electrodes.

FI(G. 12 shows the waveforms for the potential differ-
ence across the electrodes. FIGS. 12(1), (2), (3), (4), {5)
and (6) are the respective waveforms for the intersec-
tions r1 X Ciz, r;XCiz, r1xXCqg, rp2xCqp, r1xCy, and
r2 X Cy. If a square wave with a peak value of V8 Vo is
employed as the C|» waveform it is possible to do away
with the intervals t2, t3, t5, t6, and 3 can still be obtained
as the ratio of the rms value of the display to the non-
display driving voltage.

FI1G. 13 shows the vector diagrams illustrating the
relationship between the digit and segment drive signals
used in FIG. 11. In FIG. 13, the potential Cp, having a
value of 2 V, of the segment drive signal Cq' 1s plotted
as a vector at the origin 0 and the potentials 3 V and 4
V are illustrated as having values 1 and 2, respectively,
for a sake of simplicity of description. In FIG. 13(1), the
potentials r1 and r; of digit drive signals ry and r are
plotted on the Y axis and symmetrical with respect to
the potential Cp of the segment drive signal Cg plotted
on the intersection between the X and Y axes. Assume
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that rir;=2 R. In this case, r; is plotted as a vector on
the pomnt (O,R) indicative of the potential, and r2 is
plotted as a vector on the point (O, —R) indicative of
the potential. Plotting C; as a vector on the point (0,2

R) and Cj on the pomnt (O3,—2 R), then the following
relation holds:

‘-'ZCZ‘:J"!CIJ:SR

Here, the potential differences between ry and Cj; and
between r; and Cj3, represented by r)Cy; and r;C13, are
equal to each other when Ci; falls on the X axis and the
distance between the points Cgand Cip1s V'8 R. There-
fore, the absolute value of the vector a is equal to R and
the absolute value of the vector b is equal to 3 R. From
this 1t will be seen that the operation margin 1s 3 which
1s much greater than that obtained in the prior art driv-
ing method.

In the vector diagram of FIG. 13(1), since Cqgis set to
the reference potential 0 to which G is also set, the
potential of each point at a certain time instant in inter-
val t| i1s expressed as:

Ci=-2
= —1]
Ci1o=10
ri=1
Cr=2

From the above equations it will be seen that it is possi-
ble practically to obtain driving waveforms with the use
of four voltage sources and varying in potential at five
different levels. -

FIG. 13(2) shows the vector diagram defined 1n the
three dimensions using X, Y and Z axes. In this vector
diagram, the time interval t; 1s assigned to the X axis, t;
to the Y axis and t3 to the Z axis. The potentials of
various drive signals are expressed by the following

matrix:

ri rz Cg O Cz (g2
. It -1 0 -2 2 0
0 0 0 0 0 2
© 00 00 2)

The above relation represents the potentials at the time
intervals i1, t; and t3 which constitutes one-half of cycle
time of the drive signals. The potentials 1n another half
cycle time will be obtained by multiplying the value of
— 1 to each of the potentials listed above. It 1s to be
noted that the difference between the potential of the
segment drive signal inducing a state of display at one of
the digit electrodes and the mean value of all the digit
signals is preferably selected to have a value two times
the difference between the mean value of the potentials
of all the digit drive signals and the potential of the digit
drive signal applied to the digtt electrode which 1s to be
in a state of display.

FIGS. 14(1) and (2) shows another preferred example
of the waveforms of digit drive signals which are 1m-
pressed upon respective digit electrodes ri’ and ry'. In
FIG. 14(1) it can be seen that the waveform 1s com-
posed of four equal time intervais t1, t2, t3 and t4 which
constitute one cycle period. The potential levels over
the 1st half cycle time and 2nd half cycle period (herein-
after referred to as t1, t2, 13, and t4) of the r digit signal
aretl=3 Vo, t2=2 Vo, t3=Voand t4=2 Vo, while the
notentials for the ra digit signal are t1=Vo, t2=2 Vo,




- 13
t3=3 Vo and t4=2 Vo, all of these potentials being

based upon the minimum potential of the segment driv-
ing signal which is taken as a standard.

FIGS. 14(3), (4), (5) and (6) show the waveforms of

the segment drive signals which are impressed upon any

segment electrode Sj.
Signal Cp in FIG. 14(3) is the waveform of the seg-

ment electrode driving signal when a non-display of

r1S] and r28j 15 indicated, signal Cj3 in FIG. 14(4) is the
waveform of the segment electrode driving signal when
r1Sj and r;Sj are to be displayed, signal C;in FIG. 14(5)
1s the waveform for a display of r|Sj and a non-display
of r28), and signal Cz in FIG. 14(6) is the waveform for
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-'signal C1; has a voltage potential 0 during a time period

14

~ t1, of the first time interval &} of the half cycle period H:
~ and a voitage potential 4 Vo during another time period

5

10

a non-display of r{Sj and a display of r2Sj}. In this exam- |

ple, t1 and t3 are the previously described driving inter-

vals for all of the non-display segment signals and at the

same time they also correspond to the intervals during
which there is an increase in the absolute value of the
digit driving signal voltage with respect to the reference
potential level 2 Vo. Here, the potential levels of the
two digit drive signals are equal to each other during
intervals t2 and t4. In addition, two segment signals are
compared and the times at which they do not present
the same potential level are t; and t; for cgand ¢y, cpand
c2, 117, t2 and t3” for cy and ¢y, ty', t2 and ty' for ¢ and
ci2. Segment signals c1 and c; possess a higher absolute
voltage of over the intervals t;, t3 than is the case with
the prior art, and although a large driving voltage is
generated between cj and the ry driving signal, a small
driving voltage generated between ¢ and r; driving
signal over the same interval will suffice. A large driv-

ing voltage is also generated between cj3and the ry, 1y

digit driving signals over the intervals t3, t4as well as t;,
t3. It 1s to be understood that FIGS. 11 and 14 show
examples in which the potential of the segment drive
signal inducing the state of non-display at display inter-
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sections of all the digit electrodes is equal to the mean

value of the potentials of all the digit drive signals, i.e.,
the vector Cpis brought into coincidence with the vec-
tor G and the vectors Cy, ri and G are disposed on the
same axis.

In FIG. 14, more specifically, the first digit drive
signal r| has a first voltage potential 3 Vo during a first
time interval t; of a first half cycle period H; and a
reference potential 2 Vg during a second or remaining
time interval t; of the first half cycle period Hi. The
second digit drive signal r; has a second voltage poten-
tial Vo which is opposite in polarity to the voltage
potential 3 Vpof the first digit drive signal r; during the

435

first time interval t;, During a first time interval t; of 50

another half cycle period Hj the first digit drive signal
ry has a voltage potential Vg, and the second digit drive
signal r; has a voltage potential 3 Vg, which provides
the same voltage difference as that between 2 Vg and
Vo and is opposite in polarity to the voltage potential
Vo of the first digit drive signal r; with respect to the
reference potential 2 V. During the second time inter-
val t4 of another half cycle period H3, the first and
second digit drive signals r; and r; have the reference
potential 2 V. A segment drive signal Cp has a voltage
potential equal to the reference potentiai 2 Vo during
the first and second time intervals t; and t> of the first
half cycle period H; and during the first and second
time intervals t3 and t4 of another half cycle period Hj,
inducing a state of non-display at display elements on all
of the digit electrodes because of a minimum potential
difference between the digit electrodes and the segment
electrodes as seen in FIGS. 15(3) and (4). A segment
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1 of the first time interval t;. During the second time

interval ty of the first half cycle period H; the segment
drive signal C,; has the voltage potential 4 V, so that
the maximum potential difference exists between the
digit and segment electrodes as shown in FIGS. 15(1)
and (2), inducing a state of display at display elements
on ail the digit electrodes. The segment drive signal C;
has a voltage potential O during the first time interval t
of the first half cycle period Hy, a voltage potential 2
Vo during the second time interval t; of the first half
cycle period Hj, a voltage potential 4 Vo during the
first time interval t3 of the second half cycle period Ha,
and a voltage potential 2 Vp during the second time

~interval t4 of the second half cycle period Ha. Thus, the

maximum potential difference exists between the seg-
ment drive signal c; and the digit drive signal rj, induc-
ing a state of display at display elements on the first digit
electrode applied with digit drive signal r;. The seg-
ment drive signal c; has a voltage potential 4 Vo during
the first time interval t; of the first half cycle period Hy,
a voltage potential 2 Vpduring the second time interval
t2 of the first half cycle period Hj, a voltage potential 0
during the first time interval t3 of the second half cycle
pertod Hz, and a voltage potential 2 Vg during the
second time interval H; of the second half cycle period
Hj;. Thus, the maximum potential difference exists be-
tween the segment drive signal C; and the digit drive
signal r3, inducing the state of display at the display
elements on the digit electrode applied with digit drive
signal r». It will thus be seen that during the second time
intervals tz and ts of the first and second half cycle
periods H; and H; the segment drive signals ¢; and ¢2
have the voltage potential equal to the reference volt-
age potential, but during the first time intervals t; and t3
of the half cycle periods the segment drive signals c;
and c; have the voltage potential 0 or 4 Vp.

FIGS. 15(1), (2), (3), (4), (8) and (6) are the respective
waveforms for the intersections ciz2 Xy, C12 X172, CoX I3,
coXriy, €2Xry, ca2Xr. If a square wave with a peak
value of V8 Vo is employed as the cjz waveform, it is
posstble to do away with the intervals t3, t4, and 3 can
still be obtained as the ratio of the root mean square
value of the display to the non-display driving voltage.

FIG. 16 shows another example of the waveform
diagram for drive signals. In the example of FIG. 16,
each of the digit drive signals r; and r; have a reference
voltage potential 2 Vg during a first half cycle Hy of a
cycle period and a reference voltage potential V dur-
ing a second haif cycle time Hj;. During a first time
interval t; of the first half cycle time H;j, the first digit
drive signal r; has a voltage potential 3 Vp and the
second digit drive signal r; has a voltage potential Vo
which provides the same voltage difference as that
between the potential 3 Vg of the first digit drive signal
r; and the reference potential 2 Vo during the first time
interval t;. During the second time interval t; of the first
half cycle time H;j, both the first and second digit drive
signals r; and r; have the voltage potential equal to the
reference voltage potential 2 V. During a third time
mterval t3 of the first half cycle time H;, the first digit
drive signal ry has a voltage potential vgand the second
digit drive signal r; has a voltage potential 3 Vg of the
same potential difference as that of the first digit drive
signal r; relative to the reference potential 2 Vo but
opposite in polarity with respect to the reference poten-
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tial 2 V. As previously noted, the reference voltage
potential of the first and second digit drive signals r; and
r2 is Vg during the second half cycle time Hj. During a
first time interval t4 of the second half cycle time H», the
first digit drive signal r1 has a voltage potential 0 and the
second digit drive signal ry has a voltage 2 Vg of the
same potential difference as that of the first digit drive
signal r| but opposite in polarity to the first digit drive
signal r| with respect to the reference potential V.
During a second time interval t5 of the second half cycle
time Hp, the first and second digit drive signals ry and r;
have a voltage potential equal to the reference potential
V. During a third time interval tg of the second half
cycle time Hj, the first digit drive signal ry has a voltage
potential 2 Vpand the second digit drive signal r2 has a
voltage potential { of the same potential difference as
that of the first digit drive signal r{ but opposite in polar-
ity thereto with respect to the reference potential V.
In FIG. 16, a segment drive signal Cg has a voltage
potential equal to the reference potential 2 Vo of the
digit drive signals during the first half cycle time H| and
has a voltage potential equal to the reference potential
Vo of the digit drive signals during the second half
cycle time Hj, providing a minimum voltage difference
between the digit drive signal and the segment drive
signal Cg, as shown 1in FIG. 18(1), to induce a state of
non-display at display elements on all of the digit elec-
trodes. A segment drive signal Cy; has a voltage poten-
tial O during the first half cycle time H| and has a volt-
age potential 3 Vgduring the second half cycle time Hj,
providing a maximum voltage difference between the
segment drive signal Ci; and etther one of the first and
second digit drive signals ry and rp, as shown in FIG.
18(2) to induce a state of display at all the display ele-
ments on both the first and second digit electrodes. A
third segment drive signal Cy has a voltage potential O
during the first time interval t; of the first half cycle
time Hj and a voltage potential 3 Vo during the second
and third time intervals t; and t3 of the first half cycle
time Hj;. The segment drive signal C; has a voltage
potential 3 Vo during the first time interval t4 of the
second half cycle time H; and a voltage potential O
during the second and third time intervals ts and tg of
the second half cycle time Hj, providing a maximum
voltage difference between the first digit drive signal
and the segment drive signal Cjy and a mimimum voltage
difference between the digit drive signal r; and the
segment drive signal ¢ as shown 1in FIG. 18(3). In this
case, the display elements associated with the first digit
electrode applied with the first digit drive signal r; are
turned on while the display elements associated with
the second digit electrode apphed with the second digit
drive signal r7 are turned oft. Similarly, a segment drive
signal ¢z has a voltage potential 3 Vduring the first and
second time intervals t) and t; of the first half cycle time
H; and a voltage potential 0 during the third time inter-
val t3 of the first half cycle time H{. The segment drive
signal c¢; also has a voltage potential O during the first
and second time intervals t4 and ts of the second half
cycle time and a voltage potential 3 Vpduring the third
time Interval tg of the second half cycle time Hj. Thus,
a maximum voltage difference is provided between the
segment drive signal ¢ and the digit drive signal r;
while a minimum voltage difference 1s provided be-
tween the segment drive signal ¢; and the digit drive
stgnal ry, as shown 1n FIG. 18(3). In this instance, the
display elements associated with the digit electrode
applied with the digit drive signal r> are turned on while
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the display elements associated with the digit electrode
applied with the digit drive signal r; are turned off.

FIGS. 16(1) and (2) show digit driving waveforms
which are applied to respective digit electrodes ry’ and
ra’. In FIG. 16(1) it can be seen that the waveform is
composed of 6 equal time intervals ty, t3, t3, t4, ts, and tg
which constitute one period. The potential levels over
the 1st half cycle time H; and 2nd half cycle titme H3
(hereinafter referred to as ty, ty, . . . ts) of the ry digit
signal are t1=3 Vo, t2=2 Vo, t3=Vo, t4=0, ts=Vo,
and tg=2 Vo, while the potentials for the D2 digit sig-
nal are t;=Vo, t2=2 Vo, t3=3 Vo, t4=2 Vo, ts=V0,
and tg=0, all of these potentials being based upon Vo
which is taken as a reference potential. If the potentials
over each of the intervals t;, tz. . . for the ry digit signal
and r digit signal are added, we are left with {)=4 Vo,
th=4 Vo, t3=4 Vo, 142 Vo, ts2 Vo, and tg=2 Vo. If a
comparison i1s made to the waveforms shown in FIG. 8,
tt will be seen that in FIG. 16 intervals t; and ts have
been added: in other words, intervals have been added
over which the potentials of the ry and r; digit signals
cotncide.

FIG. 16(3), (4), (5) and (6) show the waveforms
which are mmpressed upon any segment electrode §j.
Signal Co in FIG. 16(3) is the waveform of the segment
electrode driving signal when a non-display of r(Sj and
raSj 1s indicated, signal ¢i2 in FIG. 16{(4) 1s the wave-
form of the segment electrode driving signal when r;5;
and r3Sj are to be displayed, signal c;’ in FIG. 16(5) is
the waveform for a display of r{Sj and a non-display of
r25j, and signal ¢’ in FIG. 16(6) is the waveform for a
non-display of r|Sj and a display of r;Sj. The segment
electrode driving signals which satisty all states are a
combination of the potentials (Vo-2 Vo) and (0-3 Vo),
and their frequency is the same as the frequency of the
digit driving signals.

FIG. 17 show the vector diagram for the drive signals
shown in FIG. 16. Here, the potentials of the various
drive signals are expressed by the following matrix:

(ri racpcie2cer2)

=0 2 1 3 O 3
1 1 1 0 0 13
2 01 6 3 3

In this case, the vectors a and b are written as:

o] =Ni2y12 =Nz
\M:\l32+22+12 -\ 14

Therefore, the operation margin a is obtainerd as:

a=V7

In this example, the varying potential Cg of the seg-
ment drive signal Cy' s plotted as a vector at a point
intermediate between potentials r{ and r; and coincides
with G; Angle C;Gry and C;Gr; define obtuse angles.
This means that the potential of the segment drive sig-
nal mducing a state of non-display at all the digit elec-
trodes is equal to the mean value of the potenuals of all
the digit drive signals.

It can thus be understood that the driving method of
the present invention, in contrast to that of the prior art,
1s provided with intervals over which there ts comnc-
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dence between the phases of the digit electrode driving
signals as well as coincidence between their potentials.
In this case, if a non-display is indicated for segments at
‘matrix intersections, the segment electrodes may be
applied with a voltage at the same level as the digit
signal potentials when these potentials are in coinct-
dence, whereas they are applied with differing voltage
levels at other times. It should be appreciated that in the
examples of FIGS. 11 and 14 the digit and segment
drive signals have five potential levels different from
each other by equal steps and in the example of FIG. 16
the digit and segment drive signals have four poiential
ievels differing from each other by equal steps.

FIG. 18 shows the waveforms which appear across
the electrodes in a case where the waveforms of FIG.
17 are applied to a liquid crysial. FIG. 18(1) shows
examples of potential waveforms between digit and
segment electrodes when a state of non-display is de-
sired at all of the digit electrodes, and FIG. 18(2) exam-
ples in which a display is desired at all of the digit elec-
trodes. FIG. 18(3) shows an example in which a display
is desired at the first digit electrodes and a state of non-
display 1s desired at the second digit electrode.

In FIG. 18(2) the rms voltage is V' 14/3 Vo, while the
rms voltage is V'§ Vo according to FIG. 18(1), thereby
giving an operation margin of a=V7. In other words,
the operation margin can be widened from V5to V7
by providing an interval over which the potential levels
of the two digit driving signals of FI1G. 17 coincide.

FIG. 19A shows the waveform diagram of other
example of driving signals used in the method of the
present invention with n=3. In the waveform diagram
of F1G. 19A, a digit drive signal r; has a reference volt-
age potential 2 Vand digit drive signals rj and r3 have
voltage potentials 3 Vg and Vg, respectively, during a
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first time interval t| of a half cycle period, with the

voltage potentials 3 Vpand Vgbeing of the same ampii-
tude level relative to the reference voltage potential 2
V o but opposite in polarity to one another with respect
t0 the reference voltage potential 2 V. During a sec-
ond time interval t; of the half cycle period, the digit
drive signal rj has a voltage potential equal to the refer-
ence potential 2 Vpand the digit drive signals rj and r2
have voltage potentials Vp and 3 Vg, respectively,
which have the same potential difference reiative to the
reference potential 2 Vg and are opposite in polarity to
one another with respect to the reference potential 2
V. During a third time interval of the half cycle per-
10d, the digit drive signal ry has the reference potential
and the digit drive signals rz and r3 have the voltage
potentials Vg and 3 Vo, respectively, which have the
same potiential difference relative to the reference po-
tential 2 Vo but are opposite in polarity to one another
with respect to the reference potential 2 V. During
fourth to six time intervals t4 to tg, all of the digit drive
signals r; to r3 have the reference potential 2 V.

In FIG. 19A, a segment dnive signal cp has a voltage
potential equal to the reference potential 2 Vgduring all
of the time intervals ti through tg of the half cycle per-
iod, providing a minimum voltage difference between
the segment drive signal co and any one of the digit
drive signals rj and r; to induce a state of non-display at
all the display elements associated with the digit elec-
trodes applied with the digit drive signals ri through rs.
A segment drive signal ¢y has such a voltage potential to
provide a maximum voltage difference between the
segment drive signal ¢y and the digit drive signal r; to
induce a state of display at the display elements associ-
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ated with only the digit electrode applied with the digit
drive signal r;. More specifically, the segment drive
signal c; has a voltage potential Vg during the first time
interval t; and a voltage potential 3 Vo during the sec-
ond time interval t;. During the remaining time inter-
vals t3 through t¢, the segment drive signal ¢; has a
reference voltage 2 V. Thus, a maximum voltage dif-
ference is provided between the first digit drive signal
r1 and the segment drive signal ¢} during the first and
second time intervals t; and t; as shown in FIG. 20 so
that the display elements associated with the digit etec-
trode applied with the digit drive signai r; are turned on
during the first and second time intervais t and 3. Dur-
ing the remaining time intervals t3 through te, a mini-
mum voltage difference 1s provided between the seg-
ment drive signal c¢; and the digit drive signal r; so that
the display elements associated with the digit electrode
applied with the digit drive signal ry are turned off dur-
ing the time intervals t3 through tg. A voliage difference
between the digit drive signal r; and the segment drive
signal cj exists as shown in the waveform r;—cj of FIG.
20 and the display elements are turned off. Likewise, a
voltage difference exists between the digit drive signal
r3 and the segment drive signal ¢j as shown by the
waveform r3—cy of FIG. 20 and the display elements
are turned off. A segment drive signal c; has voltage
potentials of such a value to provide a maximum volt-
age difference between the segment drive signal ¢z and
the digit drive signal r; during the time intervals 12 and
t3 of the half cycle period.

FIGS. 19A(4), (5), (6), (7}, (8), (9), (10) and (11) show
the waveforms which are impressed upon any segment
electrode Sj. Signal Co in FIG. 19A(4) 1s the waveform
of the segment electrode driving signal when a non-dis-
play of r18j, r2Sj and r38] 1s indicated, signal cy21n FIG,
19A(8) is the waveform of the segment electrode driv-
ing signal when risj and r;5j are tc be displayed and 13S5;
is to be non-displayed, signal ¢; in FIG. 19A(5) 1s the
waveform for a display of r;S} and a non-display of 128
and riSj, and signal ¢z in FIG. 19A(6) 15 the waveform
for a non-display of r1Sj and r38j and a display of r25).

Similarly, signal Cj3 in FIG. 19A(7) 1s the waveform
for a display of r3Sj and a non-display of r18j and £:3),
signal C)3in FIG. 19A(9) is the waveform for a display
of r1Sj and r3Sj and a non-display of rS), signal Cz3in
FIG. 19A(10) is the waveform for a display of r28) and
r3Sj and a non-display of rS), and signal Cjz23 in FiG.
19A(11) is the waveform for a display of rS), r25j and
risi.

It is to be appreciated that in the example of FIG.
19A . the difference between the potential of the seg-
ment drive signal inducing a state of display at one of
the digit electrodes and the potential of the mean value
of all the digit drive signals is equal t¢ the potential
difference between the mean value of the potentials of
all the digit drive signals and the potential of the digt
drive signal applied to the digit electrode which is to be
in a state of display. It should alsc be appreciated that
the digit drive signals ry, ry and r3 have first, second and
third potential levels Vo, 2 Vo and 3 Vo, respectively,
and that the three digit drive signals concurrently have
the different potential levels during the time intervals ti,
t> and t3 and have the same potential level during the
time intervals t4, ts and te.

FIG. 19B shows a model matrix layout for the digit
and segment drive signals shown in FIG. 19A, wherein

the three digit electrodes are employed.
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FIG. 20 shows an example of the waveforms for the
potential difference across the digit and segment elec-
trodes with the drive signals used in FIG. 19A.

FI1G. 21(1) shows the vector diagram for the drive
signals shown in FIG. 19A. In FIG. 21(1), a varying
potential Cpof the segment drive signal Cq' indicative of
the non-display state of all the digit electrodes ry’, r2’
and r3’ 1s plotted as a vector at a potential intermediate
among potentials ry, rz and rj of the digit drive signals
ri’, rz’ and r3’. Let Cor;=Cory=Cgr3;=R. rjrrs define
an equilateral triangle about Cpas a center with the line
segment having the length of V' 3.R. In this case, C1 C>
Cj3 are expressed as: |

LG | = | nCs | =Gy | =] nCy | =

| Gy | =] nCy | =R

Therefore, r1 Ciry Cy r3 C; define an equilateral hexagon
about Cp as a center. Each point of Ciz, Cy3, C33, Ci23
are selected such that riCs;3=R and r3Cy3=r3Cy3. The
point of Ci23 1S selected such that
r1Cia3=r2C123=r3Ci23. The vectors a and b are ex-
pressed as:

]aj =R
|b| =2R

Therefore, the operation margin a is obtained as:
a=12

F1G. 21(2) shows an example of the diagram in which
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the arrangement of FIG. 21(1) is applied to the points of 35

a three-dimentional lattice. In FI1G. 21(2) potentials Ci-,
C13, Cz3 and Cy33 of the corresponding segment drive
signals Cy2', Cia', C3’ and Cjy23' can be represented as
vectors at points within three-dimensional space; how-
ever, by doing so the points indicative of potentials will
no longer rest at the points of a regular lattice. In order
to permit the potential indicating points to lie at the
points of a regular lattice, at least 4-dimensions are re-
quired. Therefore, the potentials ry, r3, r3, Co, C1, Czand
Cj are plotted as vectors on the X, Y and Z axes. FIG.
21(3) shows an example of the diagram in which Cj;,
Ci3, Caaand Cjz3lie on the regular lattice defined by the
X', Y' and Z’ axes with the potentials ry, rz, r3, Cp, Cy,
C; and C3 being at the origin of the X', Y’ and Z’ axes.
If the matrix 1s used to show this, the following 1s the
result:

(rn rn» rnnC C G C Cp Cpiz i)
= ] 0 -1 0 -—1 ) 1 —1 0 1 |
— 1 ] 0 0 1 —1 O ( ] — 1 i
[ 0-1 10 0 1 —1 1 -1 0 1
g 0 0 O § {) 0 ] 1 0 1]
c 0 0 0 ¢ 0 0 1 9 ] ]
\, G {) O 0O ¥, 0 0 0 1 ] i

From the above 1t will be seen that the half frame time
consists of six equal time intervals t) through te. The
potentials for the remaining frame time can be obtained
by multiplying each element of the above matrix by — 1.
It should now be understood that in FIG. 21(2) the
potentials Cy, Ci, Cy and C; are plotted in terms of the
time t;, tyand tiassigned to the X, Y and Z axes whereas
in FIG. 21(3) the potentials Cy3, Cy3, Cz3 and Cyz;3 are
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plotted 1n terms of the times t4, ts and tg assigned to the
X, Y and Z' axes.

It will now be appreciated that the waveforms of the
matrix drive signals can be represented in vector space
as previously noted. The set of digit drive signals capa-
ble of displaying a complete pattern is given by:

1/T [ Tr2dt=R?
1/T{Tradt=—Ri/n—|

Therefore, the digit drive signal is located on the sur-
face of a sphere of radius R with the origin as a center.
It can be understood from

T T

T
(1~ i == ridi - =

re
2 —
gdf—

}

T

Py
n— 1

RZ

T

that the distance between mutual drive signals 1s given
by V2n/n- 1R. For a two-digit matrix, r; and ra be-
come points of symmetry with respect to the origin. For
a three-digit matrix, ry, rp, r3 define an equilateral trian-
gle with a side of \/]37 R. For a four-digit matrix, the
points lie at the corners of an equilateral tetrahedron. In
the case of an n-digit matrix, the points lie at the apices
of an equilateral n(n— 1)(n—2)/6 body in the n—1 di-
mension space. It can be understood that the digit drive
signals of the prior art satisfy these conditions. Herein-
after such digit drive signals will be referred to as digit
drive signals which possess symmetry.

The segment drive signal Cm which displays the
worst pattern 1s given by:

L \!__”_:_1__ |

— A2 = — i — ) .'E.r,

,I m{n — 1} ‘
o no— m

Where X is the sum total with regard to digit elec-
irodes which are to be in the state of display. Therefore,
the segment drive signal Cm can readily be cbtained
from the position of the centroid Zr;/m of the digit
drive signal for the digit electrode which is to be in the
state of display. It can be understood that the varying
potential difference between the potential of the seg-
ment drive signal inducing a state of display at one of
the digit electrodes and the mean value of the potentials
of all the digit electrodes 1s 1n a proporticnal relation-
ship with the varying potential difference between the
mean value of the potential of all the digit drive signals
and the potential of the digit drive signal apphed to the
digit electrode which is to be in a state of display.

FI1G. 22 shows the waveforms for another example of
drive signals in accordance with the present mvenhon.
Here n=3 and three potential Jevels are employed.
FIGS. 22(1), (2) and (3) depict the digit drive signal
waveforms which are impressed upon respective digit
electrodes ry’, r2’ and ri’. FIGS. 22(4) through (11)
show segment drive signals Co’ through Cj23° which
correspond to the combined patterns for the display and
non-display of digits. 11, 12, . . . t8 denote one-eighth
divisions of a signal period (frame time) T. t1’, 127, {3’
and t4’ denote subintervals within the respective inter-
vals t1, t2, t3 and t4; t1', t2" and t3' represent a value of

Cm

|

EF;
m
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T/16, a t4' a value of T/32. For the sake of convenience |

the voltages over the intervals t5, t6, t7, and t8 are taken

to be the reverse in polarity of those over t1, 12, t3 and

t4 with respect to the reference line Vo. FIG. 22(4)
shows the voltage waveform of a segment signal Co’
indicative of a non-display for all digits, FIGS. 22(5), (6)
and (7) depict the voltage waveforms of segment signals
Ci', Gy and Cy' indicative of a state of display for only
one digit of respective digits ri’, r2" and r3’. FIGS. 22(8),
(9) and (10) depict the voltage waveforms for segment
signals Cy3', C13’ and Cp2' indicative of a state of non-

display for one digit of respective digits ry’, 13’ and r3’,

and FiG. 22(11) shows the voltage waveform for a
segment signal Ci23' indicative of a state of display for
all digits. According to the prior art, when n=13 and
d=1, V3 is the ratio of the root mean square value for
the driving voltage of the display state to the non-dis-
play state; according to the present invention, the ratio
1s 2 by which the display contrast is remarkably im-
proved. . | |

It will now be appreciated from FIGS. 13, 17 and 21
that in vector diagram each of angles Cor1G, Cora2@G, . .
. and Cgr,G s less than 45 degrees in which Cgis the
vector mdicative of a varying potential of the segment
drive signal applied to the segment electrode inducing a
non-display state at all of the digit electrodes, ry, 17, . .
. and r, are the vectors of varying potentials of the digit
drive signals, and G is the potential indicating vector
represented by the mean value of the potentials of all
the digit drive signal and in which Cp is substantially
coincident with G; each of angles C1Gry, C3Grs, . . .
and C,Gr, defines an obtuse angle in which C, C;, . . .
and C, are the vectors of the segment drive signals
applied to the segment electrodes inducing a display
state at a corresponding one of the digit electrodes
alone; and the line segments C;Cq, C2Cy, . . . and C,Co
tying the vectors Cj, Cs, . . . and C, and the vector Cy
define between each pair an obtuse angle. When the
number of digit electrodes is 2, further, the cosine of the
angle Cor|G is greater than V4 and the cosine of each
of the angles Cir;G, Car2G . . . is greater than

A/(14+ VD4 3A

in which A is the cosine of the angle CoriG. When the
number of digit electrodes is 3, further more, the cosine

of the angle CoriG is greater than % and the cosine of

each of the angles CiriG, Car2G and CirsG is greater
than

(V3-DA/NV24+VIA

in which A is the cosine of the angle CoriG.

In summary, the operation margin can be increased in
a driving method of the present invention by (1) select-
ing the potential of the segment drive signal Cpinducing
the state of non-display at all of the digit electrodes to
be approximately equal to the mean value G of the
potentials of all of the digit drive signals while maintain-
ing the relationship

Corj=Cora=. ..

and by (2) selecting the potentials C;, C2 . . . of the
segment drive signals such that CiriG approximately
defines a straight line on the vector diagram and the line
segments defined by Cirz, Ciry . . . are substantially

22

equal to the line segment defined by Cor; in the vector

-~ diagram.

10

In the prior art matrix driving method, since the po-
tential of the segment drive signal is selected to a value
such that the vectors of the segment drive signals are
located on the apices of a cube in an n-dimension space,
each of angles C1CoC,, C1CpC3, CaCpCa . . . defines a
right angle. Therefore, the conditions (1) and (2) men-
tioned above can not be satisfied by the prior art matrix
driving method. In the matrix driving method of the

~ present invention, on the contrary, the potentials Cy,
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- Cy, Ca. .. of the segment drive signals are selected to

have values such that each of the angles C;CyCy,

CiCC3, C2CoC3 . . . i1s an obtuse angle whereby the

above noted conditions (1) and (2) can be satisfied.
Next, the potential of each of the segment drive sig-

~nals Cyz inducing the state of display at two of the digit

electrodes . . . 1s selected to have a value which satisfies
the following relation:

Curni=Cprn=Ci3n1=Clan. .. .. = Cir
= Car3..... = Lpr

In a modified example, i.e., in a case in which it is diffi-
cult to provide a larger potential difference between the
segment drive signal C;3’ inducing the state of display at
all the digit electrodes and each of the digit drive signals
ri’, r2’ . .., the potential of the segment drive signal Cg’
and the potentials of the digit drive signalsry’, r2". .., are
selected to have the same level during a predetermined
time interval during which the potential difference ex-
ists between the segment drive signal Ci3’' and each of
the digit drive signals ry’, r2’ . . . In such a manner as
shown in FIG. 16.

The above noted conditions (1) and (2) can be more
clearly explained by the geometrical analysis. Let the
cosine of angle Cor;G be A and the cosine of angle
Cir1G be B, the operation margin a 1s expressed as:

2
B ==L
oy

in which x and y denote the factors of A and are written
as:
when n=2, x=2A and y=1
when n=3, x=3A/2 and y=V 1-3A2/4 With n=2,

let A>V1/2 and
A ]
B> | e |
( 1+N2 )
In this case, the maximum operation margin a obtained
in the prior art driving method is expressed by:

a=V241

With n=3, let A>V# and

N2

In this case, the maximum operation margin o obtained
in the prior art driving method is expressed by:
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N30
N2

It is to be noted that the operational margin can be
increased to the maximum value by letting A=B=1.
This example is shown in FIG. 11, 14, 19 and 22 in
which the operation magin is 3 when n=2, and 2 when
n=23.

F1G. 23 illustrates a block diagram of electric cir-
cuitry of a drive system for an electro-optical display
device including digit and segment electrodes arranged
in a matrix configuration. The drive system shown in
F1G. 23 is arranged to produce drive signals having the
waveforms as shown in FIG. 11 by way of example.
The drive system has a power source 50 such as a bat-
tery to provide outputs at O volts and V volts. A D.C.
converter 52 is connected to the power source 30 to
provide output voltages at 0, V, 2V, 3 Vand 4 V. The
power source 50 also connected to an oscillator circuit
54 operating at a relatively high frequency. This rela-
tively high frequency is supplied to a frequency con-
verter 56 in the form of a divider which divides down
the frequency from the oscillator circuit 54 to provide
low frequency signals. These low frequency signals are
applied to the D.C. converter 52, a timing pulse genera-
tor 58 and a logic circuit 60. The timing pulse generator
58 generates various timing signals at predetermined
frequencies in response to the low frequency signals
from the frequency converter 56. These timing signals
are applied to a digit driver 62 and a segment signal
generator 64. The digit driver 62 generates digit drive
signals r{’ and ry’ having waveforms shown tn FIG. 11
in response to the timing signals delivered from the
timing pulse generator 58 and the voltage signals V, 2V
and 3 V delivered from the D.C. converter 52. The digit
drive signals are applied to digit electrodes of an elec-
tro-optical display device 65 which may be a liquid
crystal. The segment signal generator 64 generates seg-
ment signals Cg', C{', C2' and Ci2’ having the wave-
forms shown in FIG. 11 in response to the timing signals
from the timing signal generator 64 and output voltages
0, 2 V and 4 V delivered from the D.C. converter 52.

The logic circuit 60 generates outputs in response to
the low frequency signal delivered from the frequency
converter 56. These outputs are applied to a decoder 66,
which generates decoded outputs. The decoded outputs
are applied to a segment driver 68, to which the seg-
ment drive signals are also applied. The segment driver
68 delivers selected one of the segment drive signals to
selected one of segment electrodes arranged 1n a matrix
configuration with respect to the digit electrodes. In
this manner, the display device 65 effects a display or
non-display at desired segments or display elements in a
particular pattern in dependence on the digit drive sig-
nal and the segment drive signal applied to the display
device.

FIG. 24 shows a detailed circuit connection for the
digit electrodes and the segment electrodes of a portion
of the display device 65 shown in FIG. 23. s shown In
FI1G. 24, each digit includes four segment electrodes
such as Wa, Wb, Wc and Wd and each segment elec-
trode has first and second portions disposed opposite
the first and second digit electrodes ry’ and r2', respec-
tively.

FIG. 25 shows an example of the timing signal gener-
ator 58 shown in FIG. 23. As shown, the timing signal
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generator 58 comprises a level shifter 70 which gener-
ates a clock signal ¢; having the potential 4 V as shown
in FIG. 26 in response to a clock signal ¢ from the
frequency converter and output voltages 0 and 4 V
delivered from the D.C. converter 32 (see FI1G. 23}
The clock signal ¢; is applied to a count-by-6 ring
counter 72 composed of a plurality of flip-ftop Py
through Pg¢. The flip-flop P; and P4 generate timing
signals A and Ajas shown in FIG. 25. The outputs of
the flip-flops P2 and P3are connected to an OR gate 74,
which generates a timing signal Aj. Likewise, the out-
puts of the flip-flops Ps and Pg are connected to an OR
gate 76, which generates a timing signal A4. The wave-
forms of the timing signals A> and A4are shown in F1G.
26.

FIG. 27 shows an example of the segment signal
generator 64 shown in FIG. 23. The segment signal
generator 64 comprises a plurality of input terminals 80,
82, 84 and 86, and a plurality of switching circuits 88, 89
and 90 having their outputs connected to terminals 92,
94 and 96 labelled Ci3', Ci’ and C;, respectively. The
switching circuit 88 is composed of transmission gates
TG1 through TG4 having control gates connected to
the input terminals 80, 82, 84 and 86 to receive the
timing signals A1, Az, A3 and Ay, respectively. The
transmission gates T(G1 through TG4 aiso have mputs
connected to terminals 102, 100, 102 and 194 to recelve
the output voltages 2 V, 4V, 2 V and 0 delivered trom
the D.C. converter 52, respectively. Qutputs of the
transmission gates TG1 through TG4 are coupled to-
gether and connected to the outputs terminals 92. With
this arrangement, when the timing signal A; goes 1o a
high logic level during the time interval t; as shown n
FIG. 26, the transmission gate TG1 is turned on, and the
output terminal 92 i1s connected to the terminal 102.
Therefore, the segment drive signal Ci3" has the poten-
tial of 2 V during the time interval t;. During the time
intervals t; and t3, the timing signal A3 is at a high logic
level and, during this time period, the transmission gates
TG2 is turned on. In this instance, the output terminal
92 is connected to the terminal 4V, and the segment
signal C2’ has the potential of 4 V during the time
intervals t; and t3 as shown in FIG. 11. During the time
interval t4, the timing signal Aj goes to a high logic
level, rendering the transmission gate TG3 to turn on.
In this instance, the output terminal 92 is coupled to the
terminal 102 and, therefore, the segment drive signal
C12' has the potential of 2 V during the time intervat t4
as shown in FIG. 11. During the time intervals ts and te,
the timing signal A4 is at a high logic level and the
output terminal 92 is coupled to the terminal 104. In this
case, the segment drive signal Cy2’ has the potential of G
during the time intervals t5 and tg as shown 1n F1G. 11

Transmission gates TGS through TGS of the switch-
ing circuit 89 are similar to those of the switching cir-
cuit 88 except that the inputs of the transmission gates
TGS through TGS are connected to the terminals 104,
102, 100 and 102, respectively. Similarly, inputs of
transmission of gates TG9 through T(G12 are connected
to the terminal 100, 102, 104 and 102, respectively.
Output terminal 98 labelled Cq' is directly connected to
the termina! 102 and, therefore, the potential of the
segment drive signal Cg' is 2 V at all times as shown 1n
FIG. 11. The switching circuits 89 and 90 will operate
in the same manner as the switching circuit 88 and,
therefore, the detailed description of the same 1s herein
omitted for the sake of simplicity of description.
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FIG. 28 shows an exampie of the segment driver 68 in
which the decoder 66 is shown as connected to the logic
circuit 60 through a level shifter 110 adapted to convert
output signals from the logic circuit 60 to signal having
voltage potentials 0 and 4 V. The decoder 66 generates
two-bit signals d; and d;, which are applied to control
gates of first group of transmission gates TG13 through
TG18 and a second group of transmission gates TG19
and TG20. Inputs of the transmission gates TG13
through T(G18 are connected to the segment signal
generator 88 to receive the segment signals €3, Gy,
Co' and Cj, respectively. Outputs of the transmission
gates T(G15 and TG 18 are connected together and cou-
pled through lead 112 to input of the transmission gate
TG19. Likewise, outputs of the transmission gates
TG16 and TG17 are connected through lead 114 to an
input of the transmission gate T(G20. The outputs of the
transmussion gates TG19 and TG20 are coupled
through lead 116 to a segment electrode 65a of the
display device 65.

When the signal dj is at a high logic level, the trans-
mission gates T(G15 and TG16 are turned on, while the
transmission gates TG17 and T(G18 are turned off. If, on
the contrary, the signal d; is at a low logic level, the
transmission gates TG15 and TG16 are turned off,
while the transmission gates TG17 and TGI8 are turned
on. On the other hand, if the signal d; 1s at a high logic
level, the transmission gate TG19 1s turned on, while
the transmission gate TG20 1s turned off. If, on the
contrary, the signal d; is at a low logic level, the trans-
mission gate TG19 is turned off, while the transmission
gate T<G20 is turned on.

When, now, both of the signals d; and d; go to a high
logic level, the segment signal C;2’ appears on lead 112
and the segment signal C; appears on lead 114. Since, in
this instance, the transmission gate TG19 is turned on
and the transmission gate TG20 is turned off, the seg-
ment signal Cyy’ is applied through lead 116 to the seg-
ment electrode 65¢a. When the signal d; goes to a low
logic level while the signal d; is at a high logic level, the
segment signal C;' appears on lead 112 while the seg-
ment signal Co" appears on lead 114. Since, in this case,
the transmission gate TG19 is turned on and the trans-
mission gate 20 is turned off, the segment signal C;’ 1s
applied through lead 116 to the segment electrode 65a.
In this manner, selected one of the segment drive signals
are applied to the segment electrode 65z in dependence
on the decoded outputs di and d; delivered from the
decoder 66.

FIG. 29 shows an example of the digit driver 62

shown in FIG. 23. The digit driver 62 comprises control

terminals 120, 122, 124 and 126 labelled A1, A3z, Az and
A4, and mput terminals 128, 130 and 132 labelled 3 V, 2
V and V, respectively. The digit driver 62 also com-
prises a first group of transmission gates TG30 through
TG33 and a second group of transmission gates TG4
through TG37. The transmission gates TG30 through
TG33 have control gates connected to the control ter-
minals 120 through 126, respectively, and inputs con-
nected to terminals 128, 130, 132 and 130, respectively.
Outputs of the transmission gates TG30 through TG33
are connected to the ry’ digit electrode. Simlarly, the
transmission gates TG34 through TGJ37 have control
gates connected to the terminals 120, 122, 124 and 126,
respectively, and inputs connected to the terminal 132,
130, 128 and 139, respectively. Outputs of the transmis-
sion gates TG34 through TG37 are connected to the 12
digit electrode.
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With this arrangement, when the timing signal Aj
goes to a high logic level, the transmission gates TG30
and TG34 are turned on and the remaining transmission
gates are turnd off. Under these circumstances, the
potential at the ri’ digit electrode 1s 3 V and the poten-
tial at the ry’ digit electrode is V. When the timing signal
Az goes to a high logic level, the transmission gates
TG31 and TG3S are turned on and the remaining trans-
mission gates are turned off. Under these circumstances,
the potential at the r;’ digit electrode is 2 V and the
potential at the ry” digit electrode 15 2 V. When the
timing signal A3 goes to a high logic level, the transmis-
ston gates TG32 and T(GJ36 are turned on and the poten-
tial at the ry digit electrode V while the potential at the
ry’ digit electrode is 3 V. When the timing signal A4
goes to a high logic level, the transmission gates TG33
and TG37 are turned on and the potential at the ry digit
electrode is 2 V while the potential at the r; digit elec-
trode is 2 V. In this manner, the potentials of the digit
drive signals vary in dependence on the logic levels of
the timing signals A through A4

The brightness of a hiquid crystal 1s a factor related to
temperature, More specifically, the threshold voltage
increases with a drop in temperture and decreases when
the temperature rises. FIG. 30 shows the voltage char-
acteristics for liquid crystal contrast. Reference numer-
als 200, 202 and 204 show temperatures of 25" C,, 40° C.
and 0° C. At 25° C,, for example, an operation margin of
V3 may suffice but over a wide temperature range such
as 0° C. to 40° C. sufficient contrast is in general difficult
to obtain. If the operation margin is widened, however,
driving can be accomplished more readily over a wide
temperature range and the liguid crystal itself performs
a contrast temperature compensation. Hinthe V [,V 2
range V 2/V 1 is chosen to be less than V7, contrast
degradation due to temperature will not occur.

'FIG. 31 shows voltage-contrast curves for a hquid
crystal when driving is accomplished by the waveforms
shown in FIG. 16. FIG. 31{1)} shows a case in which a
battery voltage of 1.6 Volts and a two-stage D.C. con-
verter are employed. Accordingly, 2v 0=3.2 V, and 3V
0=4.8 V. In this case the liquid crystal threshold volt-
age Vryis 1.3 Vrms, and the saturation voltage Vsis 3.4
Vrms. FIG. 31(2) shows a case where the battery volt-
age 2V 0is 1.6 V. Thus, VO0=08V,and 3V 0=24YV.
In such a case Vyy=0.65Vrms, and Vs=1.7Vrms.

FIG. 32 shows a general configuration for matrix
driving according to the present method when n=2 and
four potential levels are employed. FIG. 32(1) depicts
states of potential levels. Here, a represents a O level, b
an m level, c an m+1 level, and d a 2m-+1 level. In
other words, the potential difference between be 1s 1,
and the potential difference between ab and between ¢d
is m. The potential levels between ab and between c¢d
have been taken to be equal so that the DC component
will not appear. |

FI1G. 32(2) depicts digit driving signals. With discus-
sion limited to one-half period, the solid line represents
a signal r;’ and the broken line a signal r;’. Reference
numeral 206 denotes a portion where the potential lev-
els of r1" and >’ coincide. Time intervals 208 and 210 are
equal to each other. Since only a half-period will be
considered, potentials b, ¢ and d will be discussed. Here
it suffices to impress the ¢ potential upon the segment
electrodes in order to bring both segments to a non-dis-
play state. That is, during the interval in which there is
coincidence between the potential levels of the digit
driving signals, it will suffice to apply a segment signal
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having the same potential level. In this case the rms
voltage is m2+1/T. T is a given constant which is de-
termined by a value of one-half of the frame time. For a
case in which one segment at a matrix intersection is to
be brought to a display state while the other segment at
the intersection 1s to be brought to a non-display state,
the rms voltage for the non-display state will be
V{m2+4+(m+ 1)2ta+tb+mZtd}/T if there is applied a
segment signal which includes a, d levels for intervals
208 and 210 and a, b, ¢ and d levels for the interval 206;
here these intervals shall be denoted by ta, tb, tc and td.
These intervals can be selected so  that
(m+1)?ta+tb+m?td=1. The rms voltage for the dis-
play state is given by V{(2m+ Dhu 2+ 1+ (m+ 1)2}/T.

When both segments are to be brought to a state of
display, the rms voltage for the non-display state will be
V1(2m+ 124 (m+ 1)Y2ta+tb+m?td+m?2}/T if there is
applied a segment signal which includes the a level for
intervals other than that indicated at 206, and the a, b, ¢,

and d levels for the interval 206, these intervals once 0

again being denoted by ta, tb, tc and td. These intervals

can be selected SO that
(m+ 1)?ta+tb+m2td+ m2=(m+ 1)2+ 1. The rms volt-
the display state is given by

age for

\51'(2111 + 12 +(m+1)2+1}/T.
The waveforms shown in FIG. 16 indicates a case

where n=2. In this case, the operation margin a is

written as:

a=V(5m?+6m+3)/Ami+1)=V7T

If m 1s selected to be within a range between 0.51 and 7,
the operation margin a may have a value greater than
the maximum operation margin (V' 2+ 1) obtained in the
prior art drive signals.

While the present invention has been shown and
described with reference to particular examples, it
should be noted that various other changes or modifica-
tions may be made without departing from the scope of
the present invention.

What 1s claimed is:

1. A method of cyclically driving a liquid crystal
display device having a matrix array of a first and sec-
ond digit electrodes and a plurality of segment elec-
trodes associated with said digit electrodes, respec-
tively, to define a plurality of display elements, compris-
ing the steps of:

applying first and second digit drive signals to said

first and second digit electrodes, respectively; and
applying at least one of first, second and third seg-
ment drive signals to each of said plurality of seg-
ment electrodes, with the first segment drive signal
inducing a state of non-display at said display ele-
ments on all of said digit electrodes during a half
cycle period, the second segment drive signal in-
ducing a state of display at said display elements on
all of said digit electrodes during said half cycle
period, and the third segment drive signal inducing
a state of display at said display elements on one of
sald digit electrodes during said half cycle period;
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said first and second digit drive signals having first 60

and second voltage potentials, respectively, during
a first time interval of said half cycle period and
having a third voltage potential serving as a refer-
ence potential during a second time interval of said
half cycle period, said reference potential taking a
value intermediate between said first and second
voltage potentials, with a voltage difference be-
tween said first voltage potential of said first digit

63
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drive signal and said reference voltage potential
betng equal to that between said second volilage
potential of said second digit drive signal during
said first time interval and said first voltage poten-
tial of said digit drive signal being opposite in po-
larity to said second voltage potential of said sec-
ond digit drive signal during said first time interval
of said half cycle period;
wherein said first segment drive signal has a potential
level equal to said reference potential during said
first and second time intervals, said second segment
drive signal has the same potential as said reference
potential during said first time interval and a fourth
voltage potential largerin amplitude level than said
first and second voltage potentials during said sec-
ond time interval, and said third segment drive
signal has at least one of said fourth voltage poten-
tial and a fifth voltage potential lower in amplitude
level than said first and second voltage potentials
during said first time interval and a voltage poten-
tial equal to said reference voltage potential during
said second time interval.
2. A method of cyclically driving a liquid crystal
display device having a matrix array of first and second
digit electrodes and a plurality of segment electrodes
associated with said first and second digit electrodes,
respectively, to define a plurality of display elements,
comprising the steps of:
applying first and second digit drive signals to said
first and second digit electrodes, respectively; and

applying at least one of first, second and third seg-
ment drive signals to each of said plurality of seg-
ment electrodes, with the first segment drive signal
inducing a state of non-display at said display ele-
ments associated with said first and second digit
electrodes during a half cycle period, the second
segment drive signal inducing a state of display at
all of said display elements on both of said first and
second electrodes during said half cycle period,
and the third segment drive signal inducing a state
of display at said display elements on one of said
first and second digit electrodes during said half
cycle period;

said first and second digit drive signals having first

and second voltage potentials, respectively, during
a first time interval of said half cycle period and
having a reference potential during a second time
interval of said half cycle period, said reference
potential taking a value intermediate between said
first and second voltage potentials, with a voltage
difference between the first voltage potential of
said first digit drive signal and said reference poten-
t1al being equal to that between the second voltage
potential of said second digit drive signal and said
reference potential during said first time interval of
said half cycle period and said first voltage poten-
tial of said first digit drive signal and said second
voltage potential of said second digit drive signal
being opposite in polarity to one another with re-
spect to said reference potential during said first
time interval of said half cycle penod;

wherem saigd first segment drive signal has a voltage

potentital equal to said reference potential during
the first and second time intervals of said half cycle
period, said second segment drive signal has a third
voltage potential lower in amplitude level than said
first and second voltage potentials during a pre-
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scribed time period of said first time interval and a
fourth voltage potential larger in amplitude level
than said first and second voltage potentials during
another prescribed time period of said first time
interval and during said second time interval, and §

the third segment drive signal has at least one of 4.

30

than said first and second voltage potentials during
said first, second and third time intervals, and said
third segment drive signal has at least one of said
first and third voltage potentials during said first,
second and third time intervals.

A method of cyclically driving a liquid crystal

said third and fourth voltage potentials during the display device having a matrix array of first, second and
first interval and a voltage potential equal to said third digit electrodes and a plurality of segment elec-

reference potential during said second time inter- trodes associated with said first and second digit elec-
val. | - | 10 trodes, respectively, to define a plurality of display

3. A method of cyclically driving a liquid crystal elements, comprising the steps of:
display device having a matrix array of first and second applying first, second and third digit drive signais to

digit electrodes and a plurality of segment electrodes
 associated with said first and second digit electrodes,

said first, second and third digit electrodes, respec-
tively; and

respectively, to define a plurality of display elements, 15  applying at least one of first, second and third seg-

comprising the steps of:

applying first and second digit drive signals to said
first and second digit electrodes, respectively; and

applying at least one of first, second and third seg-
ment drive signals to each of said plurality of seg- 20
ment electrodes, with the first segment drive signal
inducing a state of non-display at said display ele-
ments associated with said first and second digit
electrodes during a half cycle period, the second
segment drive signal inducing a state of display at 25
all of said display elements on both of said first and
second digit electrodes during said half cycle per-

ment drive signals to each of said pluraiity of seg-
ment electrodes, with the first segment drive signal
inducing a state of non-display at said display ele-
ments on said first, second and third digil elec-
trodes during a half cycle period, the second seg-
ment drive signal inducing a state of display at said
display elements on one of said first, second and
third digit electrodes during said half cycle period,
and the third segment drive signal inducing a state
of display at said display elements on all of said
first, second and third digit electrodes during said
half cycle period;

iod, and the third segment drive signal inducing a said first, second and third digit drive signails having

state of display at said display elements on one of
said first and second digit electrodes during said 30
half cycle period;

said first and second digit drive signals having first
and second voltage potentials, respectively, during
a first time interval of said half cycle period and
having a reference potential during a second time 35
interval of said half cycle period, said reference
potential taking a value intermediate between said
first and second voltage potentials, said first and
second digit drive signals having said second and
first voltage potentials during a third time interval 40
of said half cycle period, respectively, with a voit-
age difference between the first voltage potential of
said first digit drive signal and said reference poten-

first, second and third voltage potentials, respec-
tively, during a first time interval of said half cycle
period, said first and second digit drive signais
having said third and first voltage potentials during
a second time interval during which said third digit
drive signal has said second voltage potential mter-
mediate in amplitude between said first and third
voltage potentials and serving as a reference poten-
tial, said second and third digit drive signals having
said third and first voltage potentials, respectively,

‘during a third time interval during which said first

digit drive signal has said reference potential, said
first, second and third digit drive signals having
said reference potential during the remaining time
intervals of said half cycle period;

 tial being equal to that between the second voltage wherein said first segment drive signal has a voltage

potential of said second digit drive signal and said 435
reference potential during said first time interval of
said half cycle period and said first voltage poten-
tial of said first digit drive signal and said second
voltage potential of said second digit drive signal
being opposite in polarity to one another with re- 50
spect to said reference potential during said first
time interval of said half cycle period;

wherein said first segment drive signal has a voltage
potential equal 1o said reference potential during
said first, second and third intervals of said half 55
cycle period, said second segment drive signal has
a third voltage potential lower in amplitude level

63

potential equal to said reference potential during
said half cycle period, said second segment drive
signal has one of said first, second and third voltage
potentials during said first time mterval and an-
other one of said first, second and third voltage
potentials during said second time interval, another
one of said first, second and third voltage potentials
during said third time intervals, and said reference
potential during said remaining time intervals of
said half cycle period, the third segment drive sig-
nal has said first voltage potential during said half

- cycle period.
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